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THROTNX OH!FRM?IONON ~IOIJ-SYS12EM ICING

CHAMCT3RIS!MCS

BY G. Em Chapman- E. D. Zlot~ki

S’Im.?.?

In orderto ell.minatethe formationof Ioe on the carburetor
throttleplatesof an airoraft-engineInduotions~tem, two modi-
ficethns of ths throttledesignand a variationin the methodof
throttleoperationof the twin-barrelI@ection carburetorwere
tested.

The effectof eachmodificationwas investigatedundersevers
Iolngconditionsat simulatedengineconditionsof normalrated
-r, maximumcruishg lmwer, and 6@-percentnormalratedpower.
Reversalof ths throttlephtes augmentedthe formstionof ioe,
Electricallyheatedthrottleplateswaremaintainedfree of ice
undersevereiolngconditionsby the appllciatlonof 350 to 900 watts
of powerto each plate. The operathn ti the throttlesby the auto-
mat Ic manifol.d-pressuroregulatordld not preventthe fomation of
foe but it dld preventthe Immediatedxop In alr flow usuallyoauaed
by lC~q.

LWltin&lcing oondltionsWSre establishedfor operationusing
eleotrioallytiatedthrottleplatesbut the resultsof the tests
made on the othermodificationdld not warrantthe establishmentof
llmiting-icingcurves.
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ImmmcTItm

As part of a generalInvestigatlarequestedby the Alr Teoh-
nt~alServiceCcuumand,Amy Alr Forces,of ioe formationand elimi-
nationIn tbe inductionsystemof a fighterairplane,testswere
made to detezminethe effectof differentthrottledesignsand method
of throttleoperationm Iduction-systemiolngdaracteristics.
Duringpreviouslaboratoryioingtests of this twin-barrelInjectIon
c~buretor on an en@ne-stagesuperchargerassemibly,a Oharacterlstlc
ice accretionoccurredon the edgeeaud undersidesof the carburetor
throttleplates. (Seereference1.) The ice formationswere oaused
by pseudoadlabaticexpamion of the air streamthroughthe carburetor
venturisand past the throttleedgesand from refrlgemtionoaused
by the evaporationof fuel,whloh eddiedupstreamto coolthe under
side of the throttleplates.

In orderto eliminatecome of the icingthat occurredin the
inductionsystam,two tk~ottledesi~s and a variationIn the method
of operatingthe throttlesto maintainair flowwere testedat the
NACA Clevelandlaboratoryduri~ the fall @f 1944. The designs
includeda thrattlethat openedtowardthe front insteadof t-
the rear as in the conventionalinstallationfor this fnduotion
syetemand a sot of electricallyheatedthrottleplates. The -ia-
tion in operationalmethodconsistedin usingan automaticmanifold-
pressureregulatorto operatethe throttleduringicingcondilzhne.
Inwark doneby the BritlehRoyalAlroraftEstablishmentreported
In reference2, oil-heatedthrottleplateswere usedfor prevention
of carburetoricing.

The range of conditionsfor which thesemodificationswere
testedinoluderunsmade at shilated normalratedpower,H-
cruisl~ power,and 60-percentratedpower. The Investigation
Inoludesrunsmade under severe-ichgconditionsfor all the sim-
ulatedpowers.

APPARATUS

The induotlonsystaminvestigatedIn thesetestsconsistedof
a twin-barrellnJectioncarburetormountedon an engine-stagesuper-
o~ger assembly. The superchargerhupellerwas drivenby a dyna-
mometerand inducedthe air flow through the carburetor.The desired
conditionsof temperature,pressure,and humldltywere controlledIn
the air streamIn the ductlngupstreamof the carburetor(refer-
ence 3). Testswere made with two t~es of modifiedthrottleand an
automaticmanifold-pressureregulator.
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Reversed-opening throttleplates.- Ths oonventlonalthrottle
operationwas so arrangedthat the traillngedge of the throttle
p-ktemet the mar wall aF the carburetorb~-in the olosedPOEII=
W&l: “’Iii’o~ting, the-plates-warerotatedolmkul.eeas seenfrcss
the left sideof the carburetor.The conventionalt-li%t%’%Uitb%-
were re%reed In suoh a mannerthat the traillngedga of the-plates
met the frontwall of the carburetorbodywhen in the olosedposi-
tion and openedby rotatingoounterolookwise,as seenfrcanthe
left Bidsof the oerburetor.

Heatedthrottleplates.- For the testsof the heatedthrottle
plates, the oon=ntionaltkrottlebuttetilyvalveswere replaced.by
plates-aboutone-sixteenthInohthickerthen the conventionalbutter-
fly val-e, eaoh oontalnlnga 1000-wattheatingelement. The poyer
Inputwas controlledby a variabletransformerand measumd by mesps
of a wattmeter,a voltmeter,and an ammeter. A thermocouplewas
embeddedIn the surfaoeof eaohplateone-thirdof the distanoefram
the traillngedge. A oomparlsonof the heatedthrottle-plate
assemblywith the oonventlcmalthrottle-plateassemblyis shownIn
figure1.

Automat30manifold-pressureregulator. - The automatiopressure
regulatortypeW-A2 IS des~d to maintaina seleotedmanifold
pressureby ngulatlng the carburetorthrottleopening.

mm EROCEDURE

Ths test proceduzwused in thesetestswas slmllarto that
establishedfor the loir~testsdescribedin referenoe3. In gen-
eral,thle procedureInvolvedthe stabilizationof the alr-etream
oondlticmsof flow,humidity,temperatuzw,and pressure. The appa-
ratuswas operatedunderthe simulatedenginepower conditions
presented.In tableI for the 15-minutetestperiodand readingsof
fuel“flow,air flow,and air .msspres were made at timedIntervals.

A variation& this ~oedure was requiredfor the heated
throttleplates, Duringthe testswith the heatedthrottleplates;
the powerwas supplledto the platebef’ore iolngoondltlonswere
establlshsdand the temprat~ of the platewas maintaimd between
1500and 3303’. In one test,heatwas suppliedto only one of the
throttleplates.

When the manifold-pressure~gulator was used,a similarprooe-
durewas followedexm”ptthatthe testswere permittedto oontlnue .
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for periodsof timevarying~ 15 minutesto 21 hours. The
=o&~ssu2’8 r8@stor oould not be used in the teatsthatW8rS
run at a simuletedengim oondltiond
beoaueethe euFerc_r baok pressure
the opcn%tionof the manlfola-p’essure
Mnually malntalrMngthe baok pressure
out tillstest.

60-peroent nomal ratadpower
was too low. In thesetests,
regulata was stiulated by
at a constant value tbrough-

RESWJ!SMD DISCUESIO17

Bversed-op+ng throttledesign. - Reversingthe throttle
platesoaueedseriousidng at temperaturesand moisturecontents
above those at wbloh Iolng ooourred with oonmentlaualthrottle
installation(fig.2).

Eleotrloal~vheatedthrottleplates.- The effeot& heated
throttleplateson the idng oharaotarlsticsof an air~-engine
Inductions@em at 60-proent ratedpowerIs shownin figure3.
The dashedllneis the upperllmitfor oondltionsof carburetor-air
temperatureand humidityat whloh serious-iolngcolldltlcmef-.
Use of the heatedplatesreduoedthe serious-icingrangeto the
hit mm38t8a by th8 sOHa mO.

In orderto determinethesellmitlngoonditloms,an iqnrtof
400 to 500 wattsto eaoh throttleplate was used fa oarburator-air
_ratures of 29.50to 500 F and for humldltlesup to saturation.
Powerinputto the heatingelamentswas m03338.f38awith the rate cd

free-waterlnJeotionand variedfrom 500 to 900 wattsfor water-
~eotion ratesof 100 to 1000gramsper minute. The effectof a
ohangein powerinputon air-flow~audi~ betweenbated and
unheatedthrottleplatesis shownIn figure4.

m twu of the runs,smallformhions of 108 a the tips of the
throttl.aPktm were notes. Suoh formatlonaoan be obsemed on the
-r sideat the throttleplatesIn figure5, Li@t fl’ostWaS
foundon the uppersideof the throttleplatesat the oenterof the
OarbuzwtorIn two runs, For otherthan theseformations,ice-free
throttlePlatm were ~int8b3a during all runs.

The 108 formationIn the superohar~rInletelbowIn figure5
is typioalof the type tbt developedwith the heatedplates. 10s
also aommulated.In the spaoebetweenths bottomof the carburetor
and the top of the supercharger-inlet-elbowrlb and extendedoutward
intothe alr stremn, At the low throttleopentogsin several
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Instances,the air flawwas omslderablyreduced by ice aooretlons,
wblohhad builtup in the frent part uf the carburetorthrottle
‘lmrmls,althoughthe throttleplatesremainedf&ee d ice. An Ice
formatlonthatresultedwhen the leftplatewas unheatedand the
rl@ plateheatedis shownIn figure6. With the heatedthrottle
platemalntalnlngan openingIn the rightthrottlebarrel,it was
possibleto ice the leftthrottlebmrel untilIt was completely
fIlledwith ice. A smallice formationcan be seen on the unheated
throttleplatein figure6.

The heatedthrottlep2atesMa not alterths iolngoharaoter-
Istloscrfthe systemat the rated-powerconditionsbecausethe wider
throttleopeningtendedto lmep the throttleplatesfree of ice and
to fom restrlotlngice In the superchargerInletelbow. Several
runsmade underserious-loingcoudltions showedno appreolablechange
In the iolngcharaotmistiosat this simulatedenginepower.

AutomatiomanifoldqyeSsureI’e@llstor. - The qwratlon of the
automatIc manifold-pressureregulatordld not preventthe fomatlon
of serious10*. The operationdid}however,retardthe 2-percent
drop In alr flow for lo~r than the usual15-minuteperiod C& oper-

ation. As the Iolng progressed,the throttlesfrqwntly became
frozenand the air flow droppedas the ice continuedto buildup.
Typicalrunsmade with themanifold-pressureregulatorcontrolling
the throttlesare comparedwith test runsmade under similarIcing
conditionsbut With fi~a throttle(fig,7). me automatio=Ola-
pressureregulatormay producea dangerous10s oonditionbecauseit
delaysthe appearance& idng syqptamsuntila largefozmatialhas
builtUp.

.

mMMARYaFREauLTs.

From laboratorytestsoondubtedto W%- the effeot.aF dif-
ferentthrottledesignsand a methodof throttleoperation,ths
followlngresultswere obtained,whiohare applicableonly to the
Kdlficatlcmsin throttledesignand operatia when IncorporatedIn
a twin-bamel ~eotion carburetormountedon an engine-stagesuper-
chargerassembly.

1. Reversalof the throttleplatesin orderto pointthe trall-
i~ e~es of the throttlestowardthe frontof the air passage pro-
ducedmore severeicingthan the conventionalthrottlearmngemnt.

... . . . . . . . . ---- ------ . .. ---- .- ...= .-. . .. . .. --
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2. 10s was eliminated
severeicingoondltionsby
powerto eaohplate.

.

framthe throttles

the EqY@loation of

RAcAMRrJo.E5L27

undersomeof the most
350 to 900 wattsof

3. The oarbwretor-enginecmublnationallowedthe fomation d
Ioe on the carburetorand-aooessor~houslngair-passagewallseven
when the throttleswerekept free of 100 by heat. The oarburetca
and air-~ssagewallswouldzwquirethe applicationof heat for more
Oomplde protectionagainstSerl.ousIdrlg.

.
4. The operatia of the oarburetw throttlesby the automatio

manifold-pressuzwregulatordid not preventthe fozmatia of icebut
dld preventthe Inmediatedrop in air flow usuallyoausedby icing.

5. The autcmatic msnlfold-pmssure regulator oould not be

~d as an ioe-proteotiaumeansbeoause,when IOX prooeeded
to the pointat whichmnlfold pressure and air flow were affeoted,
ths throttleswere frozenin posltlanaud the eng~ perfomanoe
was adverselyaffected.
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TABLEI - SUMMARY OF TEST CONDITIONS USED IN LABORATORY INVESHGATIOIV W

lC~ CHARACTERISTICSOF AIRCMFT-ENGINE Jmuc!rIoliSYSTEM

Powar

Rormal
rated

Orulsinl

60-peroenl
normal
rated

.

1
EnglnB.I’Llel
speed octam
(rga) number

=T=

t

2300 62

T2200 62

.

Fuel Fuel-elrlRree- AIIUWImateApproximate
teqwr- ratio water carburetoreuperoharger-
5;G (9pWXd - temper-top-deck

I
outlet

!?dnlra-msauzz pmaaure
[ (%?) (In.Eg (in.Jig

abaolute) abaolute)

49 o*095 40 27.80 43.5

40 I ‘*MoI 40 I 27”80I 35”0

40I ‘*MoI 40I 27”80I “5

Approximate
dr flow
(lb/lm).

5775.

I

IWJ!IOMALADvmMY coM4riwm
FOR AERmAmIcs
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( a) Modified heated throttle (b)
plate and hollow shaft.

NACA
c-7397
11-8.44

Conventional throttle
plate and shaft.

Figure 1. - Comparison of heated throttle plates and conven-
tional throttle plates.
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Fi~re 2. - Effect of reverse-openingthrottledesignon limiting-icingconditionat 60-parcmtratedpower.



—

NATIONAL MVi-SORY
CWITTEE FOR AERONAUTICS

H* gQ&gJ k

64)

/
J

f
1 /

---N
50 b.

f c { --

1
* ‘*

.“A
I

1
) ●

4)
40 — — — — n n o- m -

1
/

x ~~S 6
I

t x

30

X Seriot.s icing

- —Upper 1imit or serio us-!cingre;iondeter t nec by

10
tes’smadewithteate(plates

/

.001 .002 .Oqj .O@ .c06 .c06 .010 .020 .030 .a$o .060 .qso .lCO
Total watercontent,lb/lbdry air

Figure3. - Effectof heatedthrottleplateson limiting-icingconditionsof carburetor-airtemperatureand watercontent
at simulated60-percentratedpower.



NACA MR MO. E5L27

=,=,.,. .-

x Heated p: ates
O Un”eated plate

$

(a) Relative humidity, 81 percent;
water inJectton,O grams per
minute; average watts per
plate, 425.

5000

@OO

3000

2000

1t

.

(b) “tilative humidity, 100 percent;
water injection, O grams per
minute; average watts per
Plate,450.
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Time,tin
(c) Relative humidity, 100 percentj (d) Relative humidity, 100 percent;

water injection, lW grams per water injection, 1000 grams per
ndnute;averagewatts per minute; average watts per
plate, 790. Plate, 860.

.

Figure 4. - Comparison of air flon with tiae for icing test8 made with heated
and unheated throttle plates at 60-peraent rated power.
air flcm, 4620 pounds per hour; fuel-air ratio,

Initial conditions:

perature, 40° F.
0.080; carburetor-air tem-
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(a) Ice formation in supercha~qer inlet elbow.

(b) Ice formation on throttle-plate edges.

Figure5. - Serious icing with heated throttle plates. Car-
buretor-air temperature, 35° F; relative humidity 100 per-
cent; initial air flow, 4670 pounds per hour; fue~-air
ratio, 0.080; minimum air flow after 15 minutes, 4535 pounds
per hour; power i.nPut per ~late, 500 watts

.
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( a) Supercharger inlet elbow with ice completely

blocking left inlet; right inlet under heated

throttle plate open to passage of air”

(b) Carburetor bottom view with ice adhering to
tip of left unheated plate.

Figure 6. - Serious icing with left throttle plate unheated

and right throttle plate heated. Carburetor-ai r tempera-

ture, 34° F; relative humidity, 100 Percent; initial air
flow, 4670 pounds per hour; fuel-air ratio, 0.080; min-
imum air flow after 3 minutes, 2000 pounds per hour; power
input to right plate, 600 watts; power input to left
plate, O watt; water injection, 600 grams per minute.



HACA MR HO. E5L27

I NATIONAL ADVISORY
CHITTEE FOR AERONAUTICS II

Time, min
(a) Carburetor-airtemperature, 32° F;

relative humidity, 100 percent;
engine speed, 2600 rpm; fuel-air
ratio, 0.095.

Time,min
(c) %rburetor-air temperature, LOO F;

relatlvehwnidity, 90 percent;
engine s-d, 2200 rpm; fuel.atr
ratio, 0.080.

5500
}

4500

.

1

35006
20 40 60

Time, min
(b) Carburetor-air temperature, 40° F;

relative humidit.v. 100 oercent:
water inJection,-iOOgrk per’
minute; engine speed,2300 rpn;
~uel-air ratio, 0.080.

0 Manifold-pressure-regulator
water injection, 500
gramlmin

x Fixed-throttlewater injec-
tion, 625gram/min

F1.gure7. - Comparleonof effecton air flcmof manifold-pressure-regulator
operationwith fixedthrottleoperationunder severe-icingconditions.




